Introduction
The invention of Voltaic pile during 1800 by the Italian Physicist, Alessandro Volta brought new light and energy into the world through Direct Current (DC) producing device known as battery which performed operations in domestic, industrial and transport equipments. These batteries are divided broadly into two categories one the primary battery and the other rechargeable battery. Few examples of primary batteries are the non-aqueous lithium batteries, and the zinc and magnesium based batteries. The prominent and well established rechargeable batteries are lithium-ion, lead-acid, nickel-metal hydride and nickel-cadmium, silver-zinc systems (Balasubramanian et al., 1994 (Balasubramanian et al., , 1995 Jose Benedict et al., 1998; Renuka et al. 1992; Veluchamy et al., 2001 , April 2009 . Recently, the cost escalation of petroleum fuel has turned the attention of policy makers and researchers toward battery powers systems in order to partly/completely replace the petroleum fuels for automotive applications. Among the battery systems considered for electric vehicle (EV) applications, the lithium ion batteries show promise of meeting both energy and power requirements. The possibility of developing high energy and safe lithium ion battery has been reinforced further by the statement of (Panasonic, 2010) which reports a silicon-carbon nanocomposite anode for the lithium ion battery, with 30% higher capacity than the graphite based lithium ion cells, has been intended to provide power to laptop computers during the fiscal 2012. To make economic viability and practical implementation, especially for EV application still more work has to be done on fronts such as improvements on energy/power capability and safety. To meet this requirement work has to be pursued on battery materials development with a special emphasis on cost and environments. For transport applications attempts have to be made to replace combustible organic electrolytes, oxygen releasing cathodes and reactive lithium anode. This chapter presents development of high specific capacity anode materials especially the silicon composite anode material for lithium ion batteries. The resource material for this chapter has been gathered from recent research publications on lithium anode materials development.
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with cycling, in most cases punctured the separator, caused internal short between anode and cathode leading to rise of cell temperature which in the presence of organic electrolyte resulted in thermal runaway and in extreme cases cell explosion. The discovery by (Yazami & Touzain, 1982 , 1983 during 1980 that lithium could be inserted and de-inserted between the graphite layers and the report by (Mizushima et al., 1980 ) that lithium in 'lithium cobalt oxide' could be intercalated and de-intercalated made Sony Energytec in 1991 to roll the first lithium ion batteries into commercial market. Later, newer versions of lithium ion batteries with different cathodes such as lithium manganese oxide, lithium nickel oxide and lithium iron phosphate have been developed to meet different electrical requirement of the battery market. However, no break through was made on the development of anode materials to replace the graphite anode (LiC 6 ). LiC 6 has a theoretical capacity ~ 372 mAh g -1 , which is only 10% of the lithium metal anode capacity (3800 mAh g -1 ) and its practical capacity lied between 300 and 350 mAh g -1 . In addition to lower specific capacity it has other drawbacks such as first cycle irreversible capacity, capacity degradation with cycling and safety issues (Brummer et al., 1980; Huggins, 2002) . In the mean time the announcement by Fujifilm that a new amorphous metal oxide has been introduced as negative electrodes for its lithium ion battery has turned the researchers still more vibrant especially to bring out newer high capacity anode materials for lithium ion batteries (Fujifilm, internet, 1996) . In the search for high capacity anode materials, silicon and tin apparently qualified as anode materials due to their high theoretical energy densities ~4190 and ~990 mAh g -1 corresponding to the formation of binary alloys Li 22 Si 5 and Li 22 Sn 5. These anodes could not find immediate application because of their large volume variation ~328% for 'Si' anode and ~258% for 'Sn'. Among the two anode materials, much attention was paid on silicon anode. The reaction of lithium with elemental silicon was known for a long time. Prior to the findings that Li-Si alloy for Li-ion batteries it was exploited as a negative electrode for molten salt electrolyte batteries which operate at 400 °C (Singh et al., 2004) . The alloy forming reaction between 'Si' and 'Li' takes place when 4.4 atoms of Li combine with one atom of Si which is represented by the equation (1) 4.4
4.4Li
Si Li Si +→
The volume increase of the product is 3.7 times that of the reactants. Such large crystallographic volume changes between the charged (alloyed) and discharged (de-alloyed) state cause stress in the electrode leading to internal cracks in the electrode. During cycling the electrode particles are pulverized into micro/nano particles. Such morphological changes results in loss of electrical contact, increased impedance leading to thermal run away and cell failure (Benedek & Thakeray, 2002) .
Capacity degradation
The capacity degradation with cycling in a battery is attributed to volume variation of the electro-active masses. The magnitude of volume variations during lithium insertion and deinsertion differs for most anode/cathode materials which cause particle fracture. Every material has a characteristic terminal particle size beyond which the particle will not fracture or disintegrate. Particle with smaller sizes do not continue to fracture and it is recommended to employ smaller starting alloy particle in the electrode for better cycling behavior (Yang et al., 2007) . Such finding encouraged research work on the synthesis and use of composites containing nano-particles.
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The particle fracture causes electrical disconnection between the particles and current collector. The cause for such decrepitation/crumpling of electrode particles has been described through a simple one dimensional model which states that when two phase formation occurs simultaneously with volume mismatch the result will be the development of fracture in the material. If the two phases occurs with no change in the volume, the particle will not undergo fracture. Further the critical particle size could be bigger for a particle having greater toughness (Huggins & Nix. 2000) . It is also suggested micro-crack does not happen below a critical grain size. The predicted critical grain size is less than the unit cell size for a majority of single-phase materials. This suggests that it may not be practically possible to reach the particle size to solve the mechanical instability problem associated with Li-alloys (Wolfenstine, 1999) . The following passage brings out published research work on silicon based anode which includes description of mechanism toward minimum volume changes of the electrode for better cycle characteristics.
Silicon composite anode material -state of the art
In most of the research papers on silicon composite anode the insito generated Cr-Si, NiSi 2 , NiSi, FeSi 2, TiN, SiC, TiC, SiO 2 active nano-silicon, the externally added metal particles Fe and Cu, also the graphite and carbon blacks all serve to minimize the volume changes that arise during lithiation/de-lithiation of Si in the electrodes. For both binary Li-Si and ternary Li-Si-Cr composites containing dendritic copper powder (Weydanz et al, 1999) obtained reversible capacities of about ~ 500 and 800 mAh g -1 respectively. The higher capacity of 'Li-Si-Cr' composite is attributed to insito generated CrSi phase which acts as an inactive conductive matrix along with active Li-Si phase. Mg 2 Si/acetylene black composite reported by (Roberts et al, 2002) delivers an initial discharge capacity ~ 830 mAh g -1 where the Li insertion into Mg 2 Si forms Li 2 MgSi which then tends to decompose into binary alloys, Li-Si and Li-Mg at low potential regions causing capacity degradation with cycling. have also reported on magnesium silicide anode. (Chen et al., 2006) has reported on the preparation of nano structured Si/C composites. (Shi et al, 2001 ) has shown the better reversibility of Li-Mg anode alloys prepared through Kinetically Controlled Vapor Deposition (KCVD) method is attributed to high diffusion coefficient of lithium atoms in the Li-Mg alloy compared to Li-Mg alloy prepared by reacting Mg and Li in molten states in a Glove box . (Wolfenstine, 2003) reported two composite anodes, one made out of sieved CaSi 2 and the other ball milled CaSi 2 with carbon conductive material and found both materials showing not so promising results. Through EDAX (Kim et al, 2000) reported a composite made of amorphous Si and nanosized TiN which gave a reversible capacity of 300 mAh g -1 where TiN acted as a buffer matrix. In the nano-composite consisting of amorphous silicon and nano-crystalline TiC, the electrochemically inactive TiC served as a buffer matrix and the electrode delivered a reversible capacity of 380 mAh g -1 (Guo, 2005) . (Park, 2005 (Park, , 2006 obtained an alloy through arc-melting followed by high energy mechanical milling (HEMM) which consisted inactive phases NiSi 2 , NiSi and an active Si phases which delivered a reversible capacity of ~ 800 mAh g -1 . (Wang et al 2000) showed that the NiSi/C nano-composite to perform better than Fe-Si nano-composite and found both electrodes exhibited capacity decline with cycling.
Composite with low Si content gave better cycle capacity ~ 600 mAh g −1 even at 20 th cycle where FeSi 2 served as a volume buffer. The irreversible capacity usually observed between 0.9 and 0.7V is caused by electrolyte decomposition that contribute to passive film formation (Lee & Lee, 2002) . achieved acceptable anode capacity for the multilayer films consisting of active (Si) and inactive (Fe) metal elements. (Dong, 2004) showed for a Fe-Si composite (FeSi 2 + Si)/C composed of a sandwich structure with the alloy particles in the middle core and the graphite layer at outer shells has exhibited high initial capacity ~ 680 mAh g −1 with a reversible capacity ~ 500 mAh g −1 even after 15 cycles. The good performance was attributed to the effective buffering of the volumetric changes of the Fe-Si particles by the graphite shell. In ) the Si-Mn composites after 60 h ball milling showed best performance, especially when annealed at 300 °C for 2 h, which had a reversible capacity of 455 mAh g −1 .
Mn acted as an inactive buffer. The decline in cycle life was attributed to agglomeration of nano-sized Si-Mn particles. In another report the authors show that a Si-Mn-C composite annealed at 200 °C exhibited an initial reversible capacity of 463 mAh·g − 1 retaining 387 mAh g − 1 even after 40 cycles. In a composite prepared by incorporating silicon powder into an inverse emulsion polymerised resorcinol-formaldehyde (RF) followed by carbonization in an inert atmosphere gave 910 mAh g − 1 . The addition of Cu further improved the cycling performance of the composite. (Dimov et al., 2003) proposed trapping of lithium ions in the form of Li-Si alloy into the electrode takes place during cycling, making progressive decrease in the availability of lithium for extraction. Such decrease in capacity with cycling is responsible for the capacity fading with cycling in the carbon coated silicon powder. (Wilson et al., 1997) have pyrolysed 50 different silicon containing polymers including polysilanes, polysiloxane, pitch silane blends and showed through a diagram the extent of formation of SiC, SiO 2 and C is due to pyrolization. In a carbon coated Ni 20 Si 80 alloy/graphite composite is presented with an improved cycle performance and reduced initial irreversible capacity loss attributed to buffering and conductive actions of the carbon coated graphite present in the composite. Around 200 compositions of combinatorial materials comprising Si-M (M =Cr + Ni, Fe, Mn) has been reported by (Fleischauer, 2005) where the anode capacity strongly depended upon Si content where the capacity varied from over 3000 mAh g −1 for nearly pure silicon to effectively zero for ~50-60 at% of silicon. Multiple component alloy composite (Dong et al., 2003) with Graphite/Ba-Fe-Si alloy has been observed to provide 500 mAh g −1 at 15th cycle. Si-AB5 composite alloy ( Zhang, 2007) , where Fe is one of the components, exhibited initial and maximum reversible capacity ~ 370 and 385 mAh g −1 with high capacity retention even after 50 cycles. The Si-AB5 composite containing 20 wt% Si provides discharge capacity ~ 420 mAh/g with good capacity retention (72%) even after 50 cycles where the inactive AB5 alloy is said to accommodate large volume changes of Si nano-particles distributed on the surface of Si-AB5 composites during cycling. (Zhang et al., 2004) reported, for the silicon-based thin film Si/TiN nano-composites formed by pulsed laser deposition method, better capacity attributed to dispersal of nanometer range amorphous Si particles in the presence of an inactive matrix of TiN.
Similarly the role of copper in Cu 5 Si-Si/C anode has been explored and the report states that the anode delivered ~ 612 mAh g −1 capacity with a capacity fade during initial cycles. The capacity fade formed was attributed to SEI film formation (NuLi, 2006) . ) for a carbon coated Si-Cu 3 Si-Cu composite the copper silicide formed by pyrolysis is not an electro-active material and the improved performance of the composite was attributed to better electrical contact of metal silicide and pyrolyzed carbon. A novel silicon/graphite material prepared by depositing a gelatinous silicon precursor over a porous natural graphite gave a stable 100 cycles at ~ 840 mAh g −1 ascribed to good embedding of the silicon in the graphite matrix (Fuchsbichler, 2011) . have deposited carbon over silicon through thermal vapour deposition using benzene or toluene as carbon source and nitrogen as a carrier gas. Among the three binary alloys of the type, Ti x -Si y with variable x and y values only the carbon coated Ti-Si alloy exhibited good cycle performance, especially when the Si content in Ti-Si alloy is kept below the eutectic value of (Si + TiSi 2 ) in the composite (Lee et al, December, 2006) . This part of the discussion has made clear that any one composite that is prepared with carbon coating, insito generated innert phases with or without nano-active silicon particle produced during charge/discharge process deliver better electrochemical performances. In the following sub headings the research contributions of the authors on the topic 'Silicon composite anode for lithium ion batteries' has been presented (Doh et al., Jan 2008 , April 2008 , June 2008 , May 2010 Veluchamy et al., Feb 2009 , April 2009 
Experimental

Fe-Cu-Si/C composite anode 5.1.1 Composite powder
Appropriate quantities of Cu (<10μm, 99% pure, Sigma-Aldrich), Fe (<53μm, 99.9% pure, High Purity Chemical Research Company, Japan) and Si (1-5μm, SI-100, >99 purity, AEE, NJ) with atomic ratio, Fe:Cu:Si = 1:1:2.5 were ball milled using a stainless steel (SS) grinding vial along with SS balls. The weight ratio of SS ball to the material was kept at 10:1 and the millings were carried out at 350 rpm. The vial was filled with argon gas and tightly closed with a gasket to prevent ingress of atmospheric oxygen. The material ball milled for 3h was then mixed with graphite in equal proportions in weight ratio, 50:50 and again ball milled for 24h. The composites ball milled for 3, 10, and 24h are hereinafter referred as 3HBM, 10HBM, and 24HBM, respectively. The composite thus arrived with the ratio Fe: Cu: Si = 1:1:2.5/graphite is represented as Fe-Cu-Si/C.
Composite electrode
The composite powder from 5.1.1 was then blended with 10 wt% polyvinylidene difluoride (PVDF) dissolved in 1-methyl-2-pyrrolidinone in an agitator for 10 min to obtain a slurry mass. The slurry mass was coated onto a copper foil current collector and dried in a hot air oven at 110 °C for 2 h and pressed using a SS roller in order to reduce the thickness to ~ 75%. The active material coated copper foils were annealed at 110, 150, 200, and 250 °C in vacuum oven for 12 h.
Cell construction
Annealed composite electrode was cut in the form of a circular disc of diameter 1.4 cm and coupled with lithium foil counter electrode separated by Celgard-2700 separator. The electrolyte from Techno Semichem. Ltd., Korea is 1M LiPF 6 dissolved in a co-solvent consisting of ethylene carbonate (EC) and ethyl methyl carbonate (EMC) in 1:1 (v/v) ratio with 2 wt% vinylene carbonate (VC). The coin cells assembled in a dry room maintained at ~21°C with dew point temperature between -65 and -70 °C were subjected to life cycle test using charge-discharge analyzer, Toyo System, Ltd., Japan between 0 and 2V versus Li+/Li at a constant current of 0.253 mA cm −2 .
XRD and SEM investigations
The ball milled composites were examined using Philips 1830 X-ray diffractometer with nickel-filtered Cu-Kα radiation at a scan rate of 0.04° s -1 over 2θ range between 10-80°. The surface morphology of the active material coated copper foil was scanned using Hitachi S-4800 scanning electron microscope (SEM). In Fig. 1 , the XRD pattern for Si, Cu, Fe, graphite powder(C), 3HBM-Fe-Cu-Si, 10HBM-Fe-Cu-Si, and 24HBM-{3HBM-Fe-Cu-Si:graphite = 50:50(w/w)} are presented. All these suggest ball mill duration does not change the elemental particles, rather reduces them into smaller particulates as evident from the minimum change in the intensity of Braggs peak in the XRD patterns. The SEM pictures of Fe-Cu-Si/C composite with PVDF binder annealed at 110 °C was compared with the best performing electrode annealed at 200 °C and presented in Fig. 2 as 'a' and 'b', respectively. The pictures show the cathode particles in 'b' remain in agglomerated state with boundries and distinct interspaces compared to that of the particles in 'a' with particle sizes varying from < ~1 to ~10 μm. Such interfaces and voids formed in the composite electrode annealed at high temperature is expected to provide better ionic pathway for the ions thereby providing better conductivity and also the voids are expected to minimise the volume change of the electrode during charge/discharge cycles. The superimposition of Braggs peaks appearing in the XRD pattern of individual materials such as Si, Cu, Fe over the XRD spectrum of Si, Cu, Fe & graphite composite shows that the superimposed XRD spectrum coincide exactly with spectrums obtained for 3HBM-Fe-Cu-Si, 10HBM-Fe-Cu-Si, and 24HBM-{3HBM-Fe-Cu-Si: C (graphite) = 50:50(w/w)} respectively.
Charge/discharge characteristics
The typical discharge-charge profiles for the electrode Fe-Cu-Si/C annealed at 200 °C presented in Fig. 3 shows the initial lithiation and delithiation capacities respectively are 809 and 464 mAh g -1 . The capacity difference between the two processes is 345 mAh, nearly 42% of the initial lithiation capacity. This implies that during the first cycle ~ 42% of Li is retained within the electrode as irreversible capacity. This irreversible capacity is due to the reaction of graphite, metal particles and silicon with the chemically bonded or adsorbed oxides present within the electrode. During the initial discharge, inserted lithium reacts irreversibly at first with these oxides and water impurities forming Li 2 O, and then forms Li-Si and LiC 6 . The amount of Li 2 O formed is proportional to irreversible capacity during cycling. Thus formed Li 2 O along with Fe, Cu and Graphite acts as a buffer, absorbs the volume expansion/contraction during discharge/charge process. Also other products formed due to oxidation of electrolyte and binder along with Li 2 O are Li 2 CO 3 , LiF and alkyl carbonates. All these products forms part of SEI films of silicon and graphite. 
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For the present system we propose the following reactions that are responsible for the reversible reaction (2) and irreversible reactions such as lithium oxide formation reaction (3), organic solvent decomposition reaction (4), & electrolyte decomposition reaction (5).
x y Li Si ,Fe, Cu, C x y e Li Si Li C Fe , Cu
Li EC EMC ... e SEI Li CO , ROCO Li, .
In addition to the reactions (3), (4) and (5) other contributing factors responsible for capacity degradation with cycle life are particle fracture followed by loss of electrical contact between the electro-active species and also between electro-active species & current collector (Aurbach & Schechter,2004) . In the second cycle the discharge and charge capacities respectively are 607 and 531mAh g -1 which shows a considerable reduction in irreversible capacity equal to ~12%. The authors in (NuLi, 2006; & Aurbach, 2004&2005) describe that the irreversible capacity in the graphite electrode is due to the reaction of intercalated Li with the adsorbed oxygen and solvent molecules leading to the formation of SEI film over the graphite particles which comprises mainly LiF, Li 2 CO 3 and ROCO 2 Li etc.
Capacity with cycle number at different electrode annealing temperatures
The discharge and charge capacities of the electrodes annealed at different temperatures are depicted in Fig. 4 and Fig. 5 respectively. The Fig. 4 shows an improvement of discharge capacity with annealing temperature. The curve shows discharge capacity 387 and 327 mAh g -1 for the electrode annealed at 200 and 110°C respectively at 30 th cycle. In Fig. 5 the initial charge capacity values for charging process remains at a low value, after few cycles the capacity raises and then stabilizes in the subsequent cycles. The gain in charge/discharge capacity after the first cycle in all four temperature except at 110°C (Fig.4 & 5) is attributed to realignment/redistribution of constituents of the SEI film. The higher capacity obtainrd for the electrode annealed at 200 °C could be attributed to enhanced electrical conductivity and easy ionic diffusion of the electrode.
Fig. 5. Charge capacity as a function of cycling with electrode annealing temperature
Further support for the improved capacity of the annealed electrodes could be understood from the SEM picture which shows well separated electrode particulates with interspaces between the electrode particles which is expected to favour ionic diffusivity and electrochemical behaviour. Similar reports have been presented by for SiMn/C anode which exhibited improved reversible capacity (426 mAh g -1 ) for the electrode annealed at 200 °C. www.intechopen.com
Irreversible capacity loss
The Fig.6 illustrates irreversible capacity loss by Fe-Cu-Si/C electrode during first cycle (lithiation process) for the electrodes annealed at different temperatures. The curve shows higher irreversible capacity for the electrodes annealed above 150 °C. The high temperature annealing causes better particle segregation which makes easy diffusion of lithium ions and effective conversion of all adsorbed oxides present in the electrode into Li 2 O (reaction 3). The high charge consumption for SEI film formation in Cu-Si alloy (NuLi, 2006) anode has been explained as due to increase of surface area through longer ball milling duration.
SiO/C composite anode 5.2.1 Composite preparation
Equal proportions of SiO (Aldrich, −325 mesh) and graphite (Sodiff New Materials Co. Ltd., Korea, −400 mesh) powders were placed together in a 200 ml stainless steel (SS) vial. The weight ratio of the SS ball to the material was maintained at 10:1 and the vial was filled with argon gas. The contents in the vial were milled for 12, 18, 24 and 30 h by means of highenergy ball milling (HEBM) at 350 rpm and four different samples were collected. The samples were subjected to physical and electrochemical investigation following the procedures as in 5.1.4 and 5.1.5.
XRD and SEM Investigation
The XRD patterns for the starting materials SiO, graphite(C) and milled SiO/C composites are presented in Fig. 7 . The XRD pattern shows that the graphite considered for ball milling is crystalline whereas SiO is amorphous. The patterns for milled SiO/C samples reveal that the peak corresponding to graphite decreases with increase in ball mill duration and also no new peaks observed. This suggests that ball milling causes only particle size reduction of the graphite and does not produce any new compound. Fig. 7 . XRD patterns of SiO, graphite (C), and samples (SiO and graphite) ball-milled for different durations.
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The scanning electron micrographs (SEM) of samples ball-milled for different durations are given in Fig. 8 . The SEM pictures show a gradual decrease in the crystallinity of the particulates of the samples with ball mill duration which is in accordance with the XRD patterns. The particles in the sample milled for 12 h exist as discrete crystalline particles whereas the 30 h-milled sample lacks definite particle shape and shows continuity in the particle distribution. In some domains, the particle distribution in the 24 h ball-milled sample remains between 5 and 20 μm whereas in other regions the continuity is maintained. 
Charge/discharge characteristics
The composite powder from the section 5.2. 1 has been coated over copper foil following the procedures described in 5.1.2 and cell was fabricated as described in 5.1.3 to get SiO/C anode for electrochemical characterization study. A typical discharge-charge profile of the SiO/C composite electrode is given in Fig. 9 . The difference between the initial discharge (1556 mAh g −1 ) and charge (693 mAh g −1 ) capacities equal to 55% of capacity is known as irreversible capacity. In the second cycle, the irreversible capacity is reduced to 14%. It is well known that during the first lithiation process, lithium reacts with SiO and forms nanosilicon and Li 2 O. The nano-silicon then reacts with Li and forms Li-Si alloy (Lee & Lee, 2004) . Contrary to this explanation (Miyachi et al., 2006) showed through O 1s spectra analysis that during the first lithiation process a direct absorption of Li by SiO takes place giving rise to the formation of Li 4 SiO 4 and Li 2 O. Among the composites prepared, the 24 h ball-milled sample exhibits higher reversible capacity. This might be attributed to optimum particle size distribution at 24 h ball milling which provided better lithium ion diffusion compared with other compositions. The loss of capacity shown by the sample with cycling could be attributed to trapping of Li + ions within the electrode particles and decomposition of the organic solvent toward formation of SEI film. The other factors responsible for capacity degradation with cycling are particle fracture and loss of electrical contact between electro-active species and current-collector. The discharge and charge capacity values for the initial and 30th cycles obtained from Fig. 10 are listed in Table 1 . The total irreversible capacity is due to irreversible reaction between Li reacting with, 1) SiO into forming Li 2 O through the reaction SiO + 2Li+ → Si + Li 2 O, 2) oxygen impurities present in the graphite, and 3) electrolyte and binders during initial charging. These reaction products form the SEI film which constitute organic and inorganic carbonates, Fluorides, oxides etc., (Datta & Kumta, 2007; Aurbach, 2002 Aurbach, & 2005 The reversible and irreversible capacity values appear to be interdependent as their values show simultaneous increase until the 24h ball-milled sample. This interdependency also explains the beneficial role played by a higher percentage of Li 2 O which buffers the volume change during the alloying and de-alloying processes.
Carbon coated SiO/C composite anode 5.3.1 Composite preparation
This part compares performance of two composites. One composite prepared by ball milling equal proportion of 'SiO' and 'C' for 15 h, named as SiO/C composite and denoted as 'A' by following the same procedure described 5.2.1. Another composite is prepared by mixing 2.5 g of the composite 'A' in 5 ml of the solution made of propylene carbonate (PC) and acetone (AC) in the ratio 1:1 (v/v) in a beaker using a magnetic stirrer. During stirring the volume of the slurry will be reduced due to the evaporation of acetone. The slurry was poured into an alumina boat and heated in a furnace at a rate of 5 °C under an argon atmosphere and maintained at 750 °C for 3 h and then spontaneously cooled down to reach room temperature. Thus obtained composite is named as composite 'B'. The thermal decomposition of the organic molecules (Ng et al., 2007) under argon atmosphere in the presence of SiO/C composite may be represented by the equation (6) 
The components -O-and -H-come from trace of adsorbed water molecules and also from physically/chemically attached -O-from SiO and graphite. In C x, the x value of carbon varies from 1 to 3. The material obtained after thermal treatment of the slurry appeared as agglomerated clusters presumably due to wrapping up of C x carbon particles which upon crushing in a mortar converted into a powder named as composite 'B'. Similar approach has been followed by (Ng et al,2007) for carbon coating of silicon.
XRD and SEM investigation
The XRD pattern obtained for SiO, graphite (C) and the composite 'A', and the composite 'B' are presented in Fig. 11 . The pattern for composite 'A' shows that the graphite considered for ball milling is crystalline one and SiO is an amorphous variety. Thermally treated organic slurry composite powder shows a slight enhancement of the amplitude of the peak at 26° showing enhanced crystalline nature of the graphite. Further this XRD pattern suggests ball milling and the heat treatment with organic solutions have not produced the formation of any new compound. The SEM pictures of the electrode-A and electrode-B are shown in Fig. 12 It is evident from the SEM pictures that the electrode-B has larger particles with voids and interspaces compared to the particle arrangement in the electrode-A. The partial removal of oxygen and trace -H-present in the composite could have effected bonding rearrangement within the particles invoking reinforcement and compactness to the resultant structure in concomitant with trapping/wrapping by formed Cx particles. The comparative curves showing the values of specific capacity with cycle number for the electrode-A and electrode-B are given in Fig. 13 . The figure illustrates that the electrode-A exhibits higher charge/discharge capacity values until 53rd cycle and then the capacity falls below the value of the electrode-B. The initial irreversible capacities (863 mAh g -1 for the electrode-A and 733 mAh g -1 for electrode-B) denote the utilization of these capacities for the formation of SEI film Li 2 O. SEI film protects the anode and Li 2 O acts as a buffer component for improving the cycle behavior. The difference in irreversible capacities (863-733= 130 mAh g -1 ) suggests lowering of 130 mAh g -1 capacity in the composite -B compared to the electrode-A. From this we can infer that 130 mAh g -1 equivalent of oxygen/water molecule are chemically/physically present in the composite 'A' which is absent in the composite 'B'. During carbon coating these oxygen/water molecules could have liberated as CO 2.. This also suggests that Li 2 O in composite-B is lower by 130 mAh g -1 capacity equivalent compared to that in composite-A. Even though the electrode-B has lower buffer component than in electrode-A, it shows better cycle behavior, attributed possibly to structural rearrangement during partial removal of oxygen/water and wrapping of the electrode particle by C x to form a well reinforced but a flexible structure to allow Li + ion diffusion for making the electrode-B to withstand the volume changes during cycling. It may be noted from 1st to 4th cycle for the electrode-A, the charge capacity value increases from 693 to 890 mAh g _1 and for the electrode-B from 613 to 652 mAh g _1 . The increase in the charge capacity values calculated as 197 and 39 mAh g _1 may be termed as the charge capacity recovery values for the respective electrode-A and electrode-B. The attributes of the electrode-B such as lower charge capacity recovery and lower capacity degradation with cycling further support the favourable structural rearrangement that occurred during thermal treatment with organic solution. The cyclic voltammograms of the electrode-A and electrode-B scanned between 0 and 1.5 V at a scan rate of 0.1 mV s -1 is shown in Fig. 14 . The delithiation process displayed in the 5th cycle is considered for discussion. The delithiation process of the electrode-A is associated with an increase of current with potential whereas the electrode-B shows an increase of voltage by 0.3 V but exhibits nearly a stable current between 0.3 and 0.6 V. This shows the over-potential dependent current flow through the electrode-A which is possible for an electrode with a loosely bound dispersed structure. The electrode-B nearly does not show increase of current as the potential is scanned from 0.3 to 0.6 V, illustrating that the electrode-B behaves apparently like a resistor over this narrow potential range. The resistor like behaviour illustrates the compact nature of the structure which could stream line the current flow with a tolerable volume changes during charge/discharge process. This is well supported by the SEM micrographs which show the presence of large interspaces and voids among the agglomerated particles. These voids and interspaces could accommodate enough electrolytes for easy lithium ion diffusion. Since the capacity degradation is less with cycles it may be presumed that the electrode has a flexible structure with sufficient pores to buffer the volume changes during charge/discharge cycles. 
5.4
Thermochemically generated Li 4 SiO 4 phase in the composite 5.4.1 Composite preparation Equimolecular quantities of lithium hydroxide monohydrate LiOH·H 2 O (Aldrich) and SiO (−325 mesh, LTS Chemicals Inc.) were mixed in a mortar and then heated to 550 °C for 3 h in an argon atmosphere. Graphite (C) was then added to maintain the weight ratio of C and SiO at 1:1 and ball-milled for 15 h. The composite was named as 'A'. In order to understand the behaviour of the new composite 'A' another composite 'B' was prepared by just ball milling SiO and C in a weight ratio of 1:1 for 15 h. The samples were subjected to physical and electrochemical investigation following the procedures described in sections 5.1.4 and 5.1.5 in the following section.
X-ray diffraction analysis
The XRD patterns of graphite (C), SiO, LiOH, heat-treated (SiO + LiOH) and ball-milled material made of heat-treated (SiO + LiOH)/C presented in Fig. 15 shows graphite(C) and LiOH are crystallites, and SiO is amorphous. The constituents C, SiO and LiOH are noted in figure as (a) (b) and (c). The precursor material obtained by heating (SiO + LiOH) at 550 °C does not show peaks corresponding to LiOH but exhibits new peaks. Examination with the JCPDS file shows that the new peaks are related to the compound Li 4 SiO 4 . Also the base line above the horizontal line between 2θ values 20° and 30° suggests the presence of SiO in the heat-treated materials. In the sub-section XR-2, the material (d) = (b) + (c) heated to 550 °C exhibits a peak at 2θ =32° which could be ascribed to Li 4 SiO 4 and not to Li 2 O as there exists no other peak that can be attributed to Li 2 O. 
Reaction (8) indicates the product contains nano-silicon, Li 4 SiO 4 in addition to SiO in the precursor material (d). The compound Li 4 SiO 4 has a high negative free energy change (ΔG°298K = −2366 kJ/mole) (International, 2004) and is considered to be an electrochemically inactive species in the composite (yang, 2007) . The XRD pattern of the ball milled materials (d) with graphite (a) shows a reduction in the peak heights of both graphite and Li 4 SiO 4 which implies these particles have undergone size reduction during ball milling.
Cycle/capacity behaviour
The variation of specific capacity with cycle number for electrodes 'A' and 'B' is presented in Fig. 16 . Data obtained from Fig. 16 is presented in Table 2 . The irreversible capacity 387 mAh g −1 (44%) exhibited by electrode 'A' is considerably lower compared to ~ 863 mAh g −1 (55%) as shown by electrode 'B'. The electrode 'A' also exhibits a lower initial lithiation capacity (862 mAh g −1 ) than electrode 'B'. The reduction in initial capacity and also the irreversible capacity are attributed to the reduction of ¼ part of SiO in the composite 'A', which has been converted into Li 4 SiO 4 during precursor formation. The amount of SiO present in the composite has a direct relationship with irreversible capacity and initial specific capacity, which is in agreement with an early report (Doh et al., May 2008) . The slightly higher charge capacity shown by electrode 'A', even at the 100th cycle could be attributed to the buffer action provided by Li 4 SiO 4 . The capacity values such as initial lithiation, initial delithiation, irreversible capacity and charge capacity values obtained for the electrode 'A' and electrode 'B' is presented in the Table. 2 which illustrate the superior quality of thermochemically treated composite over the untreated. Fig. 16 . Profile of specific capacity versus cycle number: delithiation 'B' and lithiation 'B' represent charge and discharge curves, respectively, for SiO/C electrode 'B'; delithiation 'A' and lithiation 'A' represent charge and discharge curves for heat treated (SiO + LiOH)/C electrode 'A'. Table. 2 Capacity values obtained from Fig. 16 for two different composite electrodes.
Comparative performance 5.5.1 Composites with SiO, Si and graphite as constituents
The Charge/discharge and cycle capability for four different composites each containing 4g of C (Graphite or graphite with carbon) along with constituents Si and SiO are compared in the Fig. 17 and the data from the figure is presented in the Table 3.  The table shows Therefore, the capacity retentions at the fiftieth cycle compared to maximum specific capacity values are 34%, 52%, 70%, and 83% for electrodes (a), (b), (c), and (d), respectively. Fig. 17 and Table-3 show electrode with lower silicon content exhibit better electrochemical performance. Low silicon content in the anode composite reduces the electrode strain during the lithiation and delithiation processes. The order of the capacity retention for the composite electrodes was (d) > (c) > (b) > (a). Even though the amount of carbon coating was small, its contribution to the capacity retention of the electrode was considerable; this is attributed to increase in conductivity of the electrode because of the carbon coating. Usually delithiation capacities are lower than that for lithiation. The differences in lithiation and delithiation capacities are high when there is a high rate of decrease in capacity retention. Thus lithiation and delithiation capacities are correlated with capacity retention property.
Cyclic voltammograms of the composites (SiO/Si/C)
The lithiation and delithiation reactions that take place in the electrode may be represented in the form of equation as (9), (10) and 11) .
( ) Both forward reactions toward the formation Li x C 6 (x = 0 to 1) and Li x Si (x = 0 to 4.4) or the corresponding reverse reactions(delithiation) appear to be pseudo-homogeneous phase reactions as understood from lithiation and delithiation process exhibited by the voltammograms (Fig. 18 ) which shows a continuous change of potential with x values. The lithiation and delithiation in graphite, silicon, and silicon monoxide are expected to occur simultaneously. The cyclic voltammogarm shows higher delithiation peak currents for the composites containing silicon. The composite SiO/C devoid of silicon content and the same composite with carbon coated shows different pattern. The carbon coated one has flat peak current peak current value with potential change indicating the stability of the composite. (Schulmeister and Madar, 2003) stated that the commercial silicon monoxide is a two-phase material with regions rich in silicon and others rich in oxygen. The silicon-rich phase contains ~1000 to 2000 atoms, with the phase-separated regions having diameters of 3 -4 nm. The silicon-rich phase alloys and de-alloys resulting in volume changes of up to ~328%.
During initial lithiation, the oxygen-rich region is converted into Li 2 O following reaction (3) and remains as an inert buffer material in the subsequent cycles. Other physically bonded -O-present in the composite also forms Li 2 O and serves as a volume buffer during the cycling process. Lower silicon content should provide less volume change and better capacity retention to the electrodes. Furthermore, the electrolyte undergoing decomposition into forming SEI film during the initial and subsequent cycles may be represented by the reactions (3), (5) and (12) Fig. 18 . The curve 'a' obtained for the composite Fe(1)Cu(1)Si(3.5)/SPB containing high silicon content does not provide good cycle life attributed to large volume expansion and crumbling of the active material. However, the same composite mixed with graphite as Fe (1) Cu (1) Si (3.5)/Graphite shown as 'b' was able to prolong the cycle life with very low capacity which is not useful. The figure clearly shows that the composition Fe(1)Cu(1)Si(2.5)/Graphite shown as 'c' depicts better capacity and high cycle life. The high performance of the Fe(1)Cu(1)Si(2.5)/Graphite is attributed to the effective buffer action of internally generated Li 2 O during first lithiation process. These materials are actually double phase material as both silicon and graphite are active towards Li + in the same potential window. 
Conclusion
The chapter on ' Silicon based Composite anode for Lithium ion battery' presented the state of the art on the silicon anode development and anode preparation using ball milling techniques, carbon coatings of the SiO/C anode using simple organic liqiuds, thermochemical treatment of the SiO with lithium hydroxide followed by ball milling with graphite and characterisation of prepared silicon anode composite through physical and electrochemical techniques.
In the composite Fe-Cu-Si/C, the metal elements act as buffer component. Both silicon and graphite participate in lithiation and de-lithiation processes. In addition the graphite has the tendency to serve as a buffer and is able to absorb volume expansion of silicon during charge/discharge process. The electrode annealed at 200 °C exhibits high initial discharge and charge capacity of 809 and 464 mAh g −1 , respectively with a sustainable reversible capacity of~385 mAh g −1 at 30th cycle.
Comparative data on two different composites (1) Cu:Fe:Si = 1:1:2.5 and (2) Cu:Fe:Si = 1:1:3.5 shows that higher silicon content is deletrious to cycle performance. The high reversible capacity ~ 690 mAh g −1 at the 30th cycle by SiO/C (50:50) composite is unique in the sense that it does not involve any additional process or incorporation of a third element to act as buffers. This investigation also shows the interdependency between irreversible capacity and reversible capacity of the SiO-based system. The charge capacity value for carbon coated carbon coated SiO/C composite anode is 500 mAh g -1 where as the uncoated composite anodes shows only 318 mAh g -1 at 100 th cycle. The higher cycle stability in the carbon coated composite is attributed to the reinforcement of the structure by Cx particles. The cyclic voltammetry study shows constant peak current value from the voltage range 0.3 to 0.6 V during delithiation which explains the compactness of the electrode structure and resistor like behaviour of the composite.. The sustained cycle capacity follow the order Si:SiO:C = 3:1:4 < Si:SiO:C = 2:2:4 < SiO:C = 1:1 < SiO:C = 1:1 (carbon coated). A comparison of the capacity and cycle stability for the composites containing silicon shows smaller silicon content favours stability of the composite electrodes. Even though the carbon-coated composite delivered moderate capacity during cycling compared to other composites investigated, its low capacity degradation made the anode to exhibit better performance. The heat treat treatment of (SiO + LiOH) followed by graphite mixing resulted a composition with Li 4 SiO 4 , SiO & nano-silicon particles named as (SiO + LiOH)/C gave a charge capacity ~ 333 mAh g −1 at the 100th cycle with a low-capacity fade on cycling. The presence of Li 4 SiO 4 is considered to provide better charge/discharge behavior to the composite.
The dicussion in the chapter shows there is ample scope replacing the graphite anode of lithium ion battery with silicon composite anode. The reason being it is environmentally benign, has higher specific capacity and prolonged cycle life. Cost effective and viable manufacturing process is possible as evident from the discussion in the chapter. Hence, the most promising anode candidate for the next generation Li-ion battery that will power automotive and other electronic gadgets will be the silicon based composite anode.
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